Summary.-Gross Cell-Surface Antigen (GCSAa) was obtained from W/Fu (C58NT)D lymphoma cells by Nonidet P40(NP40) or 3M KC1 extraction and further purified by Sephadex G200 filtration. GCSAa was associated with lipids (dipalmitoylphosphatidycholine, cholesterol and dicetylphosphate, in molar ratios of 7:2:1) to form multilamellar liposomes. The amount of protein associated with liposomes was found to be proportional to the protein concentration of the sensitizing cellular extract and to the amount of phospholipids used and, under defined conditions, 22-55% of the protein of the cellular extract could be associated with liposomes. Analysis of disrupted sensitized liposomes showed that the GCSAa-specific activity of the liposome-associated proteins was quite similar to that of the proteins of the sensitizing cellular extract. Ultracentrifugation of disrupted liposomes showed that about 750/0 of the liposome-associated GCSAa activity was firmly associated with lipids and that little GCSAa was trapped within aqueous compartments between lipidic lamellae. 18-8.o0% of the liposome-associated GCSAa was expressed at the liposome surface. No striking differences in degree of GCSAa association were found between liposomes sensitized by NP40 or by 3M KCI extracts. Storage experiments at +4°C showed that GCSAa-sensitized liposomes were fairly stable.
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RECENT INTEREST has centred on the use of liposomes as agents for the presentation of antigens to the immune system. Liposomes have been shown to be powerful adjuvants for a variety of antigens (Kinsky & Nicolotti, 1977) . This adjuvant effect has been documented with respect to antibody response for proteins such as diphtheria toxin (Allison & Gregoriadis, 1974) and bovine serum albumin Van Rooijen & Van Nieuwmegen, 1977) . Therefore, incorporation of tumour cell-surface antigens into liposomes by mimicking cell-surface presentation could prove to be of utmost interest, and indeed such a presentation of glycolipid tumour antigens which are readily used for liposome formation has been found to induce tumour rejection (Huet & Ansel, 1977) . Preliminary results have shown that incorporation into liposomes of a tumour-associated cell-surface antigen of protein nature could be achieved (Gerlier et al., 1978) .
Since Gross virus-associated cell-surface antigen (GCSAa) is immunogenic in W/Fu rats (Geering etal., 1966; Herberman, 1972) we attempted to incorporate into liposomes this membrane protein antigen, which has been extracted from syngeneic (C58NT)D lymphoma cells, in order to study its in vivo immunogenicity. The aim of the present work was to investigate the incorporation, expression and distribution of GCSAa in liposomes, and the stability of this association. Biochemical and immunological analysis of sensitized liposomes showed that good yields of incorporation of this antigen into liposomes could be obtained, and that liposomes containing antigenically active GCSAa were stable for several days.
MATERIAL AND METHODS
Animals and tumours.-Inbred W/Fu/ Rholco rats and inbred C57BL/6/Rholco mice were bred in our colony. Gross-virusinduced (C58NT)D lymphoma (Geering et al.) was maintained by weekly passages into syngeneic weanling W/Fu rats. Grossvirus-induced E,G2 lymphoma was also transplanted weekly into syngeneic C57BL/6 mice (Old et al., 1965) .
Antiserum.-A pool of syngeneic W/Fu rat antiserum was produced by s.c. immunization with viable (C58NT)D lymphoma cells as previously described (Gerlier et al., 1977a) . Such an antiserum exclusively detects GCSAa when used in a complement-dependent cytotoxicity test against E&G2 target cells (Geering et al., 1966; Gerlier et al., 1977b; Herberman, 1972) .
Antigen preparation.-GCSAa was extracted from W/Fu rat (C58NT)D lymphoma cells using the following methods.
(C58NT)D lymphoma cells, previously washed with Dulbecco's phosphate-buffered saline and kept frozen at -700C, were incubated at a concentration of 5 x 108 cells/ml in 0 05M phosphate-buffered 0-15M NaCl (pH 7.4) containing 0.5% (v: v) Nonidet P40 (NP40) detergent for 30 min at 40C.
After centrifugation for 3 h at 48,000 g in a Beckman J21B centrifuge, the supernatant was precipitated by 60% ammonium sulphate for 1 h at 4C, and centrifuged for 15 min at 13,000 g. The pellet was dissolved in phosphate buffer, dialyzed for 24 h at 4C, concentrated 10-fold on a Minicon B15 membrane (Amicon) and centrifuged for 3 h at 48,000 g. The supernatant was applied on to a Sephadex G200 column. As previously described (Gerlier et al., 1978) most of the GCSAa activity was eluted from the gel in a fraction containing molecular species of 120,000-60,000 mol. wt, which is in agreement with the finding that GCSAa is borne by glycosylated precursors of virus nucleocapsid proteins of 95,000 and 85,000 mol. wt (Tung et al., 1977; Snyder et al., 1977; Ledbetter & Nowinski, 1977) . The GCSAa-containing fractions were pooled and concentrated on a Minicon B15 membrane to reach a concentration of the extract equivalent to 5 x 109 cells/ml.
Alternatively (C58NT)D lymphoma cells were disrupted by 3M KCI. This was achieved by suspending 108 cells/ml in 0-05M phosphate buffer, 3M KCI, and incubating the mixture for 16 h at 40C (Reisfeld & Pellegrino, 1971) . After dialysis for 24 h at 40C and centrifugation for 3 h at 48,000 g, the extract was treated as above. As controls, NP40 and 3M KCI solubilizations of normal rat lymphoid cells (spleen, thymus and lymph node) were done.
Assay of GCSAa.-Gross cell-surface antigen (GCSAa) activity was determined by inhibition of the cytotoxic activity of the anti-(C58NT)D serum on E,G2 lymphoma target cells, as previously described (Gerlier et al., 1977a (a) Biochemical analysis Several aliquots of suspensions of intact or disrupted liposomes or of the supernatants of the latter were put on a glass-fibre filter. Phospholipids were extracted, washed and assayed according to a modified Bartlett procedure (Portoukalian et al., 1977) and proteins were quantified according to Kruski & Narayan (1972) . Proteins of the cellular extract, as well as liposomal proteins, leaked in 5mM PBS were assayed by the Lowry method.
(b) Immunological analysis The assay of GCSAa activity in disrupted liposomes and their supernatants was performed as described above. As a reference, the original antigenic extract was processed as for incorporation into liposomes (i.e., heated and sonicated) and assayed in parallel.
GCSAa expressed at the liposome surface was determined by adsorption of 100 ,ul of the antiserum diluted 1: 200 (one dilution above its 50% cytotoxicity titre) with decreasing amounts of freshly washed pelleted intact liposomes, under intermittent stirring at 00C, 23°C or 4500. Liposomes were then pelleted again and the residual cytotoxic activity of the serum was determined (Gerlier et al., 1977a) .
(c) Electron microscopy Aliquots of liposomes were placed on Formvar-carbon-coated grids, allowed to adhere for 1 min, and then negatively stained with a 2% solution of potassium phosphotungstate for 20 sec. The samples were observed under a Siemens Elmiskop 102 electron microscope.
RESULTS

Inclusion of proteins in liposomes
Liposomes were formed with cellular extracts and preliminary experiments showed that, for a given protein concentration of the cellular extract, the amount of liposome-associated protein is directly proportional to the amount of liposomal phospholipid, and to the volume of the liposomal pellet, 90% of which, according to Bangham et al. (1967) represents the volume of liposomes. When liposomes were formed in the absence of negatively charged DCP, their volume was 1-9 x smaller and they contained 6 7 x less protein than those formed in the presence of DCP.
The amount of protein associated with liposomes, as expressed by their protein/ phospholipid ratio, was studied, and found to increase linearly when the protein concentration of the cellular extract varied from 3 to 23 mg/ml, independently of the origin or mode of preparation of the extracts (Fig. 1 Morphology and constitution of sensitized liposonies The liposomes formed tinder these conditions appeared as a heterogeneous population of bodies, variable in size and shape, wvhich, unlder the electron microscope, showed a concentric multilamellar structure (Fig. 2) . Similar structures were seen for liposomes sensitized either by 3M% KCU1 or NP40 cellular extracts.
XVhen sensitized liposomes were disrupted by 5-8 mini of sonication and ultracentrifuged, an average of 25.5% (range 15-4-3644%) of the liposomal proteins but only an average of 2o5% (range 1-4-3-.9o) of the liposomal phospholipids were recovered in the supernatant (Table I) . Thus, after sonication, most of the disrupted liposomes sedimented upon ultracentrifugation and appeared as membrane fragments under electron-microscope examination (Tyrell et al., 1976) . KCl (C58NT)D cell extracts were disrupted by sonication and then assayed for GCSAa activity. When they were allowed to react with the reference antiserum at increasing assay temperatures, it was found that GCSAa activity could be best detected at 4500 under stirring (Tables II  and III) . Under these latter conditions, in most experiments, the specific activity of GCSAa associated with liposomes was slightly lower (Exp. 11 and 13) or equivalent (Exp. 5, 6 and 12) to that of the GCSAa in the sensitizing (C58NT)D cell extract. No major difference was seen between liposomes sensitized either by NP40 (Table II) or 3M KCI (Table III) cellular extracts.
When sensitized liposomes were disrupted and ultracentrifuged, the assay of GCSAa activity in the supernatant was not affected by the assay temperature. The same temperature independence was observed when GCSAa activity was assayed in the sensitizing cellular extract (Tables  II and III) .
The supernatants from disrupted liposomes sensitized with an NP40 extract, exhibited a GCSAa specific activity somewhat higher than that of the sensitizing extract in 4/7 assays (Table II) (Tables IV  and V) .
No or little difference between absorption at 0°C and 23°C was found (Exps 6 and 9) but at 45°C (i.e., above the transition temperature of DPPC) the absorption was clearly enhanced (Table IV) .
The ratio of the amount of proteins of the sensitizing (C58NT)D cell extract to the amount of liposomal proteins able to absorb 50% of the initial activity of the 2-9, 3-7 and 5.0%; in Exp. 14, on Days 1 and 3, they were respectively 4*7 and 5.3%. The GCSAa-specific activity of leaked proteins was the same as that of the sensitizing cellular extract.
GCSAa activity associated with liposomes kept 4 and 7 days at 400 was found to be 63% and 71% respectively of the freshly assayed GCSAa activity (Table II (Curman et al., 1978; Engelhard et al., 1978; Turner & Sanderson, 1978) . In view of the potential adjuvant effect of proteins associated with multilamellar liposomes (Allison & Gregoriadis, 1974) we attempted to incorporate a tumour-associated cellsurface antigen, the proteic GCSAa, into multilammelar liposomes formed as described by Gregoriadis et al. (1971) .
The analysis of liposomes sensitized by (C58NT)D lymphoma-cell extracts tends to document the localization of proteins inside liposomal structures. Since about 25% of the associated proteins but only 2.5% of the phospholipids could be liberated from sensitized liposomes by mechanical disruption, it appears that these proteins are thus trapped in the aqueous compartments between lipidic lamellae, and have virtually no interaction with lipids.
Conversely (C58NT)D lymphoma-cell extract-sensitized liposomes contain GCSAa activity which appears to be mostly cryptic, since such liposomes expressed at their surface about 5%0 of liposome-associated GCSAa activity. Most of the liposome-associated GCSAa activity could be detected after sonication disruption of liposomes below the DPPC transition temperature (41°C), which implies liposome structural defects according to Lawaczeck et al. (1976) and assay at 45°C.
The recovery of a specific GCSAa activity equivalent to that of the sensitizing cellular extract, indicates no preferential incorporation of either GCSAa-bearing molecules or the unrelated protein molecules in the extract. Thus, the amount of GCSAa activity incorporated into liposomes could be the same as that of the incorporation of the bulk of proteins from the cellular extract (i.e. 40%0). Nevertheless, an optimal recovery of GCSAa activity in disrupted liposomes could not always be obtained; this may be due to an absence of reproducibility in the sonication conditions, though some degradation of GCSAa activity during incorporation cannot be excluded.
From studies of supernatants of disrupted liposomes, it can be estimated that about 75oo of the liposome-associated GCSAa activity is strongly associated with lipids, since further sonication of disrupted liposomes only releases protein together with lipids, and that only a minor proportion is actually trapped in the liposomal aqueous compartments between lipidic lamellae.
In the present studies, antigenic extracts were obtained both by NP40 and 3M KCI extraction from (C58NT)D cells; no striking difference was observed, either in their ability to be included into liposomes or in their specific GCSAa activity when associated with liposomes. However, the partition of proteins and GCSAa activity between the liposome compartments may differ slightly according to the type of antigenic extract used. A tendency to a concentration of NP40-extracted GCSAa into the aqueous compartments, and to a preferential association of 3M KCI GCSAa with lipidic lamellae, was seen in most experiments (Tables II & III) . This could be related to differences between the properties of GCSAa molecules obtained by the two extraction procedures: firstly, some GCSAa molecules obtained by NP40 extraction could exist in micellar form (Helenius & Simons, 1975) ; secondly, GCSAa molecules obtained by 3M KCI extraction could have been exposed to some proteolytic degradation, which modified the size and polar properties of the native GCSAa molecules (Mann, 1972) .
Several concomitant data show that GCSAa association with liposomes is fairly stable. As a matter of fact, storage experiments showed low leakage of GCSAa into the suspending medium, a slight decrease of GCSAa activity at the liposome surface, and a good recovery of the initial liposome-associated GCSAa activity within several days.
Thus, under the experimental conditions described here, sensitization of liposomes either by NP40 or by 3M KCI extracts of (C58NT)D lymphoma cells allows much incorporation into liposomal structure of antigenically active, mostly cryptic and stable GCSAa. Most of the GCSAa activity is strongly associated with lipids, and this might mimic a membrane presentation of the antigen.
